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(54) Apparatus and method for forming a hollow component

(57)  Aflexible mandrel (100) has a plurality of flexible
elements (130) extending between two spaced flanges
(110,120). A means for adjusting the radial position of
each of the flexible elements (130) along the length of
the manrel (100) between the flanges (110,120) enables
the plurality of flexible elements (130) to be configured
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in a variety of symmetrical and asymmetrical forms. Con-
ventional composite fibre or tape laying techniques may
then be used to form one-piece, revolute, composite
components. The flexible mandrel (100) can then be col-
lapsed and withdrawn from the interior volume (202) of
the formed component.
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Description
Field of the Invention

[0001] This invention relates to a method and appara-
tus for forming a hollow component and particularly, but
not exclusively, to the forming of hollow, revolute com-
ponents.

Background

[0002] Conventional methods for manufacturing hol-
low, revolute components from composite materials typ-
ically require extensive tooling fixtures and labour-inten-
sive assembly procedures. One such method involves
wrapping carbon fibres around a rotating mandrel which
provides the basic shape of the component. The carbon
fibres are pre-impregnated with a thermoset epoxy resin,
and are applied over the rotating mandrelin multiple plies
to form the hollow component.

[0003] Filamentwinding, fibre placement, and tapelay-
ing are three known methods for applying composite fi-
bres to a rotating mandrel to form a hollow component.
In a filament winding process, the mandrel is typically
suspended horizontally between end supports. The man-
drelrotates aboutthe horizontal axis as a fibre application
instrument moves back and forth along the length of the
mandrel, placing fibres onto the mandrel in a pre-deter-
mined configuration. In most applications, the filament
winding apparatus passes the fibre material through a
resin bath just before the material touches the mandrel.
This is called wet winding. In other applications, often
termed dry winding, the fibre has been pre-impregnated
with resin, eliminating the need for the resin bath. Fol-
lowing oven or autoclave curing of the resin, the mandrel
can remain in place and become part of the wound com-
ponent, or it can be removed.

[0004] Tape laying is similar to the fibre placement
process described above except that fibre tape, rather
than individual fibre tows, is laid down on the rotating
mandrel to form the hollow component. Narrower tape
widths provide enhanced steerability and control during
application and are often used forthe production of hollow
components having a non-cylindrical shape.

[0005] A problem with this type of component forming
is that the geometry of the component is limited by the
need to be able to remove the mandrel from the finished
cured component. Thus, for example, components hav-
ing adouble curved form, such as a convergent-divergent
nozzle cannot be formed without the use of multi-piece
mandrels. This can cause joint discontinuities which in
turn can be difficult and costly to rectify.

[0006] A further problem with conventional tooling is
that a separate mandrel must be manufactured for each
component form and size. Conventional mandrels are
generally formed as ring roll forged metal components
which make their production costly and time-consuming.
In addition, the need for separate mandrels for each com-
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ponent form and size, results in the need to store large
quantities of mandrels which is inconvenient.

[0007] Furthermore, the expansion and contraction of
the mandrels during the heating cycle portion of the cur-
ing process (involving temperatures of ~135°C) results
in conventional mandrels having a finite useful working
life. This may be as little as 100 cycles, before replace-
ment of the mandrel is required.

Statements of Inventions

[0008] According to a first aspect of the present inven-
tion there is provided a mandrel for forming a hollow com-
ponent from a laminated material comprising first and
second flanges spaced apart from one another along an
axis of the mandrel, a plurality of flexible elements ex-
tending between the first and second flanges and a
means for adjusting the position of each of the flexible
elements along the length of the axis of the mandrel, such
that the plurality of flexible elements define a three-di-
mensional revolute form.

[0009] The use of a mandrel having two flanges with
a plurality of flexible elements extending therebetween
and a means of adjusting the position of each of the flex-
ible elements allows a single mandrel to be configured
to take up a wide range of geometrical forms and sizes.
This makes the mandrel of the invention flexible and cost
effective. Furthermore, the adjusting means allows
changes and adjustments to be made to the form of the
mandrel during production, for example to cater for
changing requirements or to correct errors.

[0010] The use of flexible elements to produce the ex-
terior surface form of the mandrel allows the elements to
be collapsed and withdrawn from the hollow component
irrespective of the complexity of the component’s exter-
nal geometric form.

[0011] By employing flexible elements to produce the
form of the mandrel, the presentinvention enables a wide
variety of mandrel forms, i.e. variation in shapes and siz-
es, to be created using a single tooling set. This greatly
reduces the quantity of separate mandrels required to
produce a variety of different hollow components and
greatly reduces tooling and manufacturing costs, partic-
ularly for prototype production.

[0012] In one embodiment of the invention, the two
flanges are circular with the flexible elements being reg-
ularly spaced around the respective peripheries of the
flanges. The flexible elements extend between the flang-
es and are each aligned parallel with the axis of rotation.
In this arrangement, symmetrically reducing or increas-
ing the radius of the flexible elements can produce a ro-
tationally symmetrical hollow component.

[0013] In other embodiments, the flanges may be
non-circular and/or the flexible elements may be uneven-
ly spaced around the peripheries of the flanges. In this
way, rotationally asymmetrical forms can be produced.
[0014] In one embodiment of the invention, the two
flanges are parallel to one another and each flange is
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oriented normally to the axis of rotation of the mandrel.
In alternative arrangements, one or both of the flanges
may be oriented at different angles to the axis of rotation.
[0015] In one arrangement, the flexible elements may
be formed as metal braided cords or wires. Each of the
cords or wires passes through respective holes in each
of the two flanges. In an alternative arrangement, the
holes in the flanges may be provided with guide rollers
to reduce frictional forces between the cords or wires and
the flanges. Reducing the frictional forces between the
cords or wires and the flanges may reduce any variation
in tensional loads between the cords or wires.

[0016] Optionally, the firstand second flanges are sep-
arated from one another by a central post aligned with
the axis of the mandrel.

[0017] In one embodiment of the invention, the two
flanges are connected together and separated from one
another by a central post, to form a spool. The central
post is aligned with the axis of rotation of the mandrel.
[0018] Optionally, the means for adjusting the position
of each of the flexible elements comprises at least one
flexible element support frame, positionable axially along
the axis of the mandrel and having a plurality of locating
portions, each of the plurality of locating portions being
connected to a respective one of the plurality of flexible
elements.

[0019] Inone embodiment of the invention, the support
frame comprises a plurality of spokes, with each of the
spokes being provided, atits radially outermost end, with
a locating portion in the form of an end block which is
secured to the flexible element. The axial position of the
support frame along the axis of the mandrel and the radial
position of the locating portions are adjustable. This ar-
rangement enables the position of the flexible elements,
both radially and circumferentially, to be varied along the
axis of the mandrel.

[0020] By being secured to the respective flexible ele-
ment, the end block can both push radially outward and
pull radially inward on the respective flexible element. In
this way, a variety of geometrical forms such as, for ex-
ample, convergent-divergent, straight - divergent and
straight-convergent profiles, can be provided on the sur-
face of the mandrel by the use of several support frames.
[0021] In an alternative embodiment, each of the
spokes is provided, at its radially outermost end, with a
turning block which supports, i.e. pushes radially outward
against, the flexible element. The turning block may com-
prise a notched cylinder or a profiled roller, which accom-
modates the respective flexible element.

[0022] Inafurther alternative arrangement the support
frame comprises a plate or ring having a plurality of lo-
cating portions disposed around its periphery. Each of
the locating portions is formed as a groove or notch, sized
to accommodate a respective one of the flexible ele-
ments. This arrangement is simpler and more cost effec-
tive than the above-mentioned 'spoked’ arrangement but
is less flexible due to the lack of radial adjustment.
[0023] Optionally, the means for adjusting the position
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of each of the flexible elements further comprises at least
one contractible hoop element, positionable axially along
the axis of the mandrel and connected to each of the
plurality of flexible elements in a plane normal to the axis
of the mandrel, whereby contraction of the or each hoop
element causes each of the plurality of flexible elements
to move closer to the axis of the mandrel.

[0024] In one embodiment of the invention the hoop
element takes the form of a cord, or cable, which is con-
nected circumferentially to each of the flexible elements.
By contracting the hoop element, the corresponding cir-
cumference defined by the flexible elements can be re-
duced.

[0025] Any suitable securing technique may be used
to locate the hoop element on each of the respective
flexible elements. The hoop element may pass through
each of the flexible elements, for example via a stiffening
eyelet. Alternatively, the hoop element may pass through
a separate hook or loop which is itself attached to a ra-
dially innermost side of each flexible element.

[0026] Optionally, the means for adjusting the position
of each of the flexible elements further comprises at least
one contractible hoop tie, positionable axially along the
axis of the mandrel, the or each hoop tie extending be-
tween two adjacent flexible elements in a plane normal
to the axis of the mandrel, whereby contraction of the or
each hoop tie causes the two adjacent flexible elements
to move closer to one another.

[0027] The use of one or more hoop ties, which each
connect two adjacent flexible elements together, can en-
able an asymmetric mandrel profile, such as, for exam-
ple, an elliptical section, to be created.

[0028] Optionally, the means for adjusting the position
of each of the flexible elements further comprises at least
one contractible cross tie, positionable axially along the
axis of the mandrel in a plane normal to the axis of the
mandrel, the or each cross tie extending between two
radially opposed flexible elements on opposing sides of
the axis of the mandrel, whereby contraction of the or
each cross tie causes the two radially opposed flexible
elements to move closer to one another.

[0029] The use of one or more cross ties to bring two
opposing flexible elements closer together may be used
as an alternative technique for creating a rotationally
asymmetric form on the mandrel.

[0030] Optionally, the plurality of flexible elements ex-
tends between the first and second flanges at an acute
angle to the axis of the mandrel.

[0031] When laying a tape material onto the shaped
mandrel, the orientation of the tape relative to the axis of
the mandrel is dictated by the required mechanical prop-
erties of the finished composite article. Successive layers
of the tape material are generally oriented at different
angles to the mandrel axis. Examples of sequences of
layup orientation angles include +60° / 0°/-60° and +90°
/-30° / +30°.

[0032] In some situations, where the tape is laid at an
acute angle to the axis of the mandrel, it is possible for
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wrinkling of the tape material to occur. Such wrinkling
may be minimised by rotationally offsetting the two flang-
es relative to one another such that the flexible elements
subtend an angle to the axis of rotation approximately
equal to the angle at which the tape is laid. In this way,
the tape is laid normal to the axis of each flexible element.
[0033] In an alternative embodiment, in addition to ro-
tationally offsetting the two flanges relative to one anoth-
er, several support frames may be used to guide the flex-
ible elements in a helical arrangement relative to the axis
of rotation. This may assist in orienting the flexible ele-
ments so as to be normal to the tape, particularly where
the mandrel has a large variation in cross sectional form.
[0034] Optionally, each of the plurality of flexible ele-
ments is tensioned simultaneously.

[0035] In one arrangement, the plurality of flexible el-
ements may be brought together after passing through
the flanges proximal to the defined revolute form. The
gathered flexible elements may then be tensioned by
means of a single actuator. This simplifies the configu-
ration of the mandrel. In this arrangement, it may be ad-
vantageous to employ guide rollers at the points where
the flexible elements pass through the flanges. This may
minimise any friction between the flexible elements and
the flanges and ensure a more repeatable tension be-
tween the flexible elements.

[0036] Optionally, each of the plurality of flexible ele-
ments is tensioned individually.

[0037] By tensioning each of the flexible elements in-
dividually, it may be possible to more easily configure the
mandrel to have an asymmetrical revolute form.

[0038] Optionally, each of the plurality of flexible ele-
ments is formed from a material selected from the group
comprising steel, stainless steel, aramid, high modulus
polyethylene, carbon fibre, silicon, glass fibre, PTFE,
PVC and polypropylene.

[0039] The choice of material for the flexible element
is largely dictated by the need to be able to withstand the
temperatures encountered when curing the finished
composite lay-up. These temperatures are dictated by
the material used for the tape or fibre layup.

[0040] A typical curing process involves a first
"pre-cure" phase (~135°C) during which the shape of the
article is fixed and the plies of the material are effectively
debulked, and a "post-cure" phase (x180°C) in which the
case material is fully cured. The mandrel is normally re-
moved after the "pre-cure" phase and so would generally
only be exposed to the lower temperature of ~135°C.
[0041] A further requirement of the material is that it
should be capable of maintaining the tensile load re-
quired to maintain the revolute form onto which the com-
posite tapes, or other fibres, are to be laid.

[0042] Optionally, each of the plurality of flexible ele-
ments is coated with a material selected from the group
comprising polyamide (NylonRTM) PVC, polyethylene,
polypropylene, polyvinylidene fluoride and PTFE.
[0043] The main purpose of the coating applied to the
flexible elements is to enhance their release properties
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when removing the mandrel from the finished cured com-
posite article.

[0044] In addition, the coating assists in enhancing the
corrosion resistance of the flexible elements.

[0045] Optionally, the mandrel further comprises a
heat shrinkable sheet material positioned over a radially
outermost surface of the plurality of flexible elements to
form a continuous surface, the surface defining an inter-
nal volume.

[0046] The formation of a continuous surface by the
application of a heat shrinkable sheet material to the man-
drel may improve the surface finish obtained on the inner
surface of the finished component.

[0047] Optionally, the internal volume is pressurised
with a gas.

[0048] By pressurising the internal volume with a gas
it is possible to obtain a continuous curved surface over
the revolute form defined by the flexible elements. This
may further improve the surface finish obtained on the
inner surface of the finished component.

[0049] Optionally, the gas is selected from the group
comprising He, N and Ar.

[0050] It may be advantageous to use an inert gas to
pressurise the internal volume since it will not react ad-
versely with either the composite tape or fibre, or the heat
shrinkable sheet material.

[0051] It may be advantageous to ensure the gas is
dry so as to minimise the risk of moisture ingress into the
composite material during the cure process. Such in-
gress of moisture may adversely affect the mechanical
properties of the cured composite material by, for exam-
ple, causing porosity in the cured composite article.
[0052] According to a second aspect of the present
invention there is provided a method of using a mandrel
to form a hollow component from a composite laminated
material, the mandrel comprising firstand second flanges
spaced apart from one another along an axis of the man-
drel, the method comprising the steps of:

a. positioning at least one flexible element support
frame having a plurality of spokes, along the axis of
the mandrel;

b. positioning a plurality of flexible elements between
the first and second flanges, each flexible element
being supported by a respective one of the spokes;
c. applying a composite fibre material to a radially
outermost surface of the plurality of flexible ele-
ments;

d. curing the composite fibre material to form a com-
posite revolute shell; and

e. releasing the plurality of flexible elements and re-
moving the mandrel from the formed revolute shell.

[0053] Inthe method of the presentinvention, once the
mandrel has been prepared with its revolute form, the
application of a composite fibre material may be advan-
tageously applied by a conventional tape or fibre laying
technique.
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[0054]
steps of:

Optionally, step (b) comprises the additional

b’. positioning at least one contractible hoop element
connected to each of the plurality of flexible elements
along the axis of the mandrel, in a plane normal to
the axis of the mandrel; and

b". contracting the hoop element to move each of
the plurality of flexible elements towards the axis of
the mandrel by a pre-determined distance.

[0055] Optionally, step (c) comprises the additional in-
itial step of:

c’. positioning a heat shrinkable sheet material over
a radially outermost surface of the plurality of flexible
elements, the surface defining an internal volume;
and

c". applying heat to the surface of the heat shrinkable
sheet material to form a smooth, continuous revolute
surface.

[0056]
step of:

Optionally, the method comprises the additional

d. pressurising the internal volume with a gas, the
gas being selected from the group comprising He,
N and Ar.

Brief Description of the Drawings

[0057] There now follows a description of an embodi-
ment of the invention, by way of nonlimiting example,
with reference being made to the accompanying draw-
ings in which:

Figure 1 shows a schematic elevational view of a
mandrel according to the present invention;

Figure 2 shows a schematic end view of the mandrel
of Figure 1with a detail view of the portion of the
flange showing the flexible element passing between
guide rollers;

Figure 3a shows a schematic elevational view of a
flexible element support frame for use with the man-
drel of Figure 1;

Figure 3b shows a schematic elevational view of an
alternative locating portion for use with the support
frame of Figure 3a;

Figure 4 shows a partial schematic view of a con-
tractible hoop element for use with the mandrel of
Figure 1;

Figures 5a and 5b show alternative forms of locating
the hoop tie of Figure 4 on the flexible elements of
the mandrel of Figure 1;

Figure 6 shows a schematic elevational view of the
mandrel of Figure 1 together with two support frames
and five hoop elements;

Figures 7a and 7b show partial sectional views of
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the mandrel of Figure 1 covered with a heat shrink-
able sheet material before and after the pressurisa-
tion of the internal volume;

Figure 8 shows a partial schematic view of a con-
tractible hoop tie for use with the mandrel of Figure
1; and

Figure 9 shows a schematic sectional view of the
mandrel of Figure 1 showing a cross tie arrange-
ment.

Detailed Description

[0058] Referringto Figures 1to5, a mandrel according
to a first embodiment of the invention is designated gen-
erally by the reference numeral 100.

[0059] The mandrel 100 comprises first and second
flanges 110,120 which are parallel to one another and
spaced apart along an axis of rotation 140 of the mandrel
100. The first and second flanges 110,120 are separated
from one another by a central post 150.

[0060] A plurality of flexible elements 130 in the form
of braided wire cords extend between the firstand second
flanges 110,120. Each of the plurality of flexible elements
130 is equispaced around the respective peripheries of
the first and second flanges 110,120.

[0061] Each of the first and second flanges 110,120
comprises a plurality of holes 122 around their periphery;
each hole 122 corresponding to a respective one of the
flexible elements 130.

[0062] After passingthrough the firstand second flang-
es 110,120, the extremities of each of the flexible ele-
ments 130 are gathered together and connected to a
tensioning means (not shown). The tensioning means
applies a tensile load T to the flexible elements 130.
[0063] Inordertominimise the adverse effect of friction
between the flexible elements 130 and the flanges
110,120, a pair of guide rollers 124 is located at each
hole122 with each flexible element 130 passing between
a respective pair of the guide rollers 124. The axis of
rotation 126 of the guide rollers 124 is arranged to be
approximately tangential to the flanges 110,120.

[0064] Adjustment of the radial position of each of the
flexible elements 130 along the length of the mandrel 100
can be achieved by the use of one or more flexible ele-
ment support frames 160 which are located along the
central post 150.

[0065] Each support frame 160 comprises a support
frame hub 162 which can be slidably positioned along
the central post 150 and secured in position by a grub
screw (not shown). Extending radially from the support
frame hub 162 is a plurality of spokes 164 corresponding
to the plurality of flexible elements 130. A stiffening ring
168 is attached to a mid-point of each of the spokes 164.
[0066] Eachofthe spokes 164 is provided, atits radially
outermost end, with a locating portion 166. Each locating
portion 166 is secured to a respective one of the flexible
elements 130. As shown in Figure 3a, the locating portion
166 takes the form of a U-shaped block which locates
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against the flexible element 130. In an alternative ar-
rangement, shown in Figure 3b, the locating portion takes
the form of a grooved roller element which co-operates
with the flexible element 130.

[0067] A further means of adjusting the radial position
of each of the flexible elements 130 along the length of
the mandrel 100 takes the form of a contractible hoop
element 170. The hoop element 170 takes the form of a
wire which is connected to each of the flexible elements
130 in a circumferential arrangement with the plane of
the hoop element 170 being normal to the axis of rotation
of the mandrel140.

[0068] In one arrangement, shown in Figure 5a, the
hoop element 170 passes through a reinforced eyelet
172 positioned in each flexible element 130. In an alter-
native arrangement, shown in Figure 5b, the hoop ele-
ment 170 passes through a hook 174 suspended on a
radially inner side of each flexible element 130.

[0069] Figure 6 shows an example of the use of support
frames 160 and hoop elements 170 to radially position
the flexible elements 130 as they extend between the
first and second flanges 110,120. In the example of Fig-
ure 6, two support frames 160 and five hoop elements
170 are used to radially position the flexible elements
130 to thereby define a converging - diverging revolute
form.

[0070] Asshown in Figures 7a and 7b, the radially out-
ermost surface defined by the flexible elements 130 is
covered with a heat shrinkable sheet material 200 which
is subsequently shrunk to fit closely over the flexible el-
ements 130 to form a smooth, continuous surface and
to thereby define an internal volume 202.

[0071] While the mandrel 100 can be used in this form
to produce a three dimensional hollow component by
winding a composite tape of fibre over the radially outer
surface defined by the flexible elements 130, this will re-
sultina componenthaving a polygonal or angularinternal
surface 206.

[0072] The internal volume 202 can then be pressu-
rised with an inert gas, such as, for example, helium,
nitrogen or argon. This pressurisation P of the internal
volume 202 deforms the portions of the sheet material
200 between the flexible elements 130 in a radially out-
ward direction to thus form a smooth, curved, continuous
surface 208.

[0073] In a second embodiment of the invention, an
asymmetric, revolute form may be created by the use of
one or more contractible hoop ties 210. Each hoop tie
210 connects two adjacent flexible elements 130 to one
another, as shown in Figure 8. By applying a tension R
to the hoop tie 210, the two respective flexible elements
130 can be drawn closer to one another thus creating a
local asymmetrical form to the mandrel 100.

[0074] Figure 9 shows an alternative means of obtain-
ing an asymmetrical revolute form by the use of one or
more contractible cross ties 220. Each cross tie 220 con-
nects two flexible elements 130, on opposing sides of
the central post 150, to one another. As shown in Figure
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9, where the two flanges 110,120 are separated by a
central post 150, the central post 150 comprises an ap-
erture 154 therethrough to allow passage of the cross tie
220.

[0075] By applying a tension S to the cross tie 220, the
two respective flexible elements 130 can be drawn closer
to one another thus creating a local asymmetrical form
to the mandrel 100.

[0076] The presentinvention may be embodied in oth-
er specific forms without departing from its essential char-
acteristics. The described embodiments are to be con-
sidered in all respects only as illustrative and not restric-
tive. The scope of the invention is therefore indicated by
the appended claims rather than by the foregoing de-
scription. All changes which come within the meaning
and range of equivalency of the claims are to be em-
braced within their scope.

Claims

1. A mandrel (100) for forming a hollow component
from a laminated material comprising:

first and second flanges (110,120) spaced apart
from one another along an axis (140) of the man-
drel (100);

a plurality of flexible elements (130) extending
between the first and second flanges (110,120);
and

a means for adjusting the position of each of the
flexible elements (130) along the length of the
axis (140) of the mandrel (100), such that the
plurality of flexible elements (130) define athree-
dimensional revolute form.

2. A mandrel (100) as claimed in Claim 1, wherein the
first and second flanges (110,120) are separated
from one another by a central post (150) aligned with
the axis (140) of the mandrel (100).

3. A mandrel (100) as claimed in Claim 1 or Claim 2,
wherein the means for adjusting the position of each
of the flexible elements (130) comprises at least one
flexible element support frame (160), positionable
axially along the axis (140) of the mandrel (100) and
having a plurality of locating portions, each of the
plurality of locating portions being connected to a
respective one of the plurality of flexible elements
(130).

4. A mandrel (100) as claimed in any one of Claims 1
to 3, wherein the means for adjusting the position of
each of the flexible elements (130) further comprises
at least one contractible hoop element (170), posi-
tionable axially along the axis of the mandrel (100)
and connected to each of the plurality of flexible el-
ements (130) in a plane normal to the axis of the
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mandrel, whereby contraction of the or each hoop
element (170) causes each of the plurality of flexible
elements (130) to move closer to the axis (140) of
the mandrel (100).

A mandrel (100) as claimed in any one of Claims 1
to 4, wherein the means for adjusting the position of
each of the flexible elements (130) further comprises
at least one contractible hoop tie (210), positionable
axially along the axis of the mandrel (100), the or
each hoop tie (210) extending between two adjacent
flexible elements (130) in a plane normal to the axis
(140) of the mandrel (100), whereby contraction of
the or each hoop tie (210) causes the two adjacent
flexible elements (130) to move closer to one anoth-
er.

A mandrel (100) as claimed in any one of Claims 1
to 5, wherein the means for adjusting the position of
each of the flexible elements (130) further comprises
at least one contractible cross tie (220), positionable
axially along the axis of the mandrel(100) in a plane
normal to the axis (140) of the mandrel (100), the or
each cross tie (220) extending between two radially
opposed flexible elements (130) on opposing sides
of the axis (140) of the mandrel (100), whereby con-
traction of the or each cross tie (220) causes the two
radially opposed flexible elements (130) to move
closer to one another.

A mandrel (100) as claimed in any one of Claims 1
to 6, wherein the plurality of flexible elements (130)
extends between the first and second flanges
(110,120) at an acute angle to the axis (140) of the
mandrel (100).

A mandrel (100) as claimed in any one of Claims 1
to 7, wherein each of the plurality of flexible elements
(130) is formed from a material selected from the
group comprising steel, stainless steel, aramid, high
modulus polyethylene, carbon fibre, silicon, glass fi-
bre, PTFE, PVC and polypropylene.

A mandrel (100) as claimed in any one of Claims 1
to 8, wherein each of the plurality of flexible elements
(130) is coated with a material selected from the
group comprising polyamide, PVC, polyethylene,
polypropylene, polyvinylidene fluoride and PTFE.

A mandrel (100) as claimed in any one of Claims 1
to 9, further comprising a heat shrinkable sheet ma-
terial (200) positioned over a radially outermost sur-
face of the plurality of flexible elements (130) to form
acontinuous surface, the surface defining an internal
volume (202).

A mandrel (100) as claimed in Claim 10, wherein the
internal volume (202)is pressurised with a gas.
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12. A method of using a mandrel (100) to form a hollow

componentfrom a composite laminated material, the
mandrel (100) comprising first and second flanges
(110,120) spaced apart from one another along an
axis (140) of the mandrel (100), the method compris-
ing the steps of:

a. positioning at least one flexible element sup-
port frame (160) having a plurality of spokes
(164), along the axis (140) of the mandrel (100);
b. positioning a plurality of flexible elements
(130) between the first and second flanges
(110,120), each flexible element (130) being
supported by a respective one of the spokes
(164);

c. applying a composite fibre material to a radi-
ally outermost surface of the plurality of flexible
elements (130);

d. curing the composite fibre material to form a
composite revolute shell;

and

e. releasing the plurality of flexible elements
(130) and removing the mandrel (100) from the
formed revolute shell.

13. A method as claimed in Claim 12, wherein step (b)

comprises the additional steps of:

b’. positioning at least one contractible hoop el-
ement (170) connected to each of the plurality
of flexible elements (130) along the axis (140)
of the mandrel (100), in a plane normal to the
axis (140) of the mandrel (100); and

b". contracting the hoop element (170) to move
each of the plurality of flexible elements (130)
towards the axis (140) of the mandrel (100) by
a pre-determined distance.

14. A method as claimed in Claim 12 or Claim 13, where-

in step (c) comprises the additional initial step of:

c’. positioning a heat shrinkable sheet material
over a radially outermost surface of the plurality
of flexible elements (130), the surface defining
an internal volume (202); and

c". applying heat to the surface of the heat
shrinkable sheet material to form a smooth, con-
tinuous revolute surface.

15. A method as claimed in Claim 14, the method com-

prising the additional step of:

d. pressurising the internal volume (202) with a
gas, the gas being selected from the group com-
prising He, N and Ar.
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